Abstract. The great crash of 2008 and the associated banking crisis have exposed the increasing irrelevance of much mainstream economics and provoked some economists to re-examine their discipline. Linear or linearised models with well-behaved additive stochastic disturbances, based on "microeconomic foundations" are no longer anywhere near adequate.
Nonlinearity, complexity and randomness cannot be avoided, and the ideas of the British Emergentists have recently been given a new lease of life. Basing economics on algorithmic foundations provides a means of restoring genuine rigour to economics and, it is hoped, allowing the discipline to respond in a rational and humane way the next time a major crisis looms.
Keywords. Nonlinearity, complexity, randomness, emergence.
The CIFREM conference on nonlinearity, complexity and randomness took place at the University of Trento, Italy in October 2009, at the height of the financial crisis which was to lead most of the developed world into its most serious recession since the 1930's. A degree of soul-searching has taken place within Economics since then. With some honourable exceptions very 2 few mainstream economists foresaw the crisis or, if they predicted its financial genesis, failed to predict the dire economic consequences which were to follow. Economists' reactions have ranged from suggesting minor modifications to mainstream theory to completely rejecting it, and abandoning the Nobel Prize in Economics as an embarrassment to the profession (see Taleb, 2007) . The context of this discussion is different from the crisis of the 1930's in that there is now a much wider public debate about economic problems and policy, a debate which has placed the Economics profession under close public scrutiny. Immediately before the Trento conference there was a public meeting in Bologna titled "Economists on Trial". History does not relate whether they were found guilty. In fact the prosecution could have laid two separate but related charges:
• The failure of mainstream economics to predict the banking crisis or to correctly analyse its relationship with the resulting recession.
• The contribution of mainstream economics to the construction of exotic financial derivatives 1 which were priced by mathematical models rather than by markets, and which played a central role in the failure of banks.
Some mainstream economists (the "honourable exceptions" mentioned above) have expressed doubts about the direction much orthodox theory has taken and its increasing irrelevance to the analysis of the real world. In his This discussion leads naturally to a consideration of "emergence". Mainstream economics is characterised by a reductionist methodology. Macroeconomists are exhorted to provide "microeconomic foundations" for their models, an approach will yields some well-known conundrums. For example the microeconomists' most general and "rigorous" model, General Equilibrium, has no room for money or for the firm, something of an obvious weakness.
Moreover, why stop at microeconomics? Fodor (1974) describes an 'immortal economist' who vainly tries to derive economic principles from a knowledge of physics and the distribution of physical qualities in space-time.The ideas of the British Emergentists (Mill 1843 , Broad, 1925 and Alexander 1920 Algorithmic Foundations", this volume) asks how emergent behaviour can be generated from a dynamical system. His answer is that emergent behaviour should be defined as "that exhibited by the behaviour of a dynamical system in its transition from one that is incapable of computation universality to one that is capable of such universal behaviour".
Nonlinearity, complexity and randomness are, for economists, inescapable. It has seemed to some that the present "rigorous" mathematisation of economics supplies a solid rock upon which to base their analysis and the policy prescriptions to which it leads. But "rigour" is a slippery concept and the basis of most mainstream economics is less solid rock, more shifting sands.
Participants at the Trento conference, though disagreeing on many things, would probably argue that there is a way ahead, which puts economics and probability theory on an algorithmic basis, replacing sterile formalism with fertile formalism, and tackling seriously some of the methodological problems which have bedevilled economics. Let us hope that this work proceeds at a smart pace, so that next time a major crisis looms, economists have the tools to respond to it in a rational and humane way.
